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|OWA HOUSE FILE 822 Spring 2009

DIVISION VI
Sec. 15. NEW SECTION. 466C.1 IOWA FLOOD CENTER

1. The state bhoard of regents shall establish and maintain in lowa City as a part of
the state university of lowa an lowa Flood Center. In conducting the activities of
this chapter, the center shall work cooperatively with the department of natural
resources, the department of agriculture and land stewardship, the water resources
coordinating council, and other state and federal agencies.

2. The lowa flood center shall have all of the following purposes:

a. To develop hydrologic models for physically based flood frequency estimation
and real-time forecasting of floods, including hydraulic models of flood plain
inundation mapping.

b. To establish community-based programs to improve flood monitoring and
prediction along lowa's major waterways and to support ongoing flood research.

¢. To share resources and expertise of the lowa flood center.

d. To assist in the development of a workforce in the state, knowledgeahle
regarding flood research, prediction, and mitigation strategies.
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22 IFC BRIDGE SENSOR

Street Name (City): 210th St / County F35 (Homestead)
River Name: Clear Creek Tributary

Elevation: 747 ft (above sea level)

Bridge Height: 9ftBin

Last Reported: Saturday, April 20, 2013 3:15 pm
Last Reading: IftBin
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Flood Forecasting
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Overall increasing frequency in flood events rather than

changes in the magnitude at the annual'scale

1 Peak per Year 2 Peaks per Year 3 Peaks per Year 4 Peaks per Year

181U

Bundg

. MNegative Trend (p<0.05)
. MNegative Trend (0.05<p=<0.1)

() Not Significant
@ Fositive Trend (0.05<p<0.1)
. Positive Trend (p<0.05)
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Mallakpour, 1., and G. Villarini, The changing nature of flooding across the central United States, Nature Climate Change, 5, 250-254,
2015.

Neri, A., G. Villarini, L. Slater, and F. Napolitano, On the statistical attribution of the frequency of flood events across the U.S.
Midwest, Advances in Water Resources, 127, 225-236, 2019.




How IS flooeding in lowa projected to change under

global warming?

High Resolution Climate Change simulation (source NCAR).
» 13 years simulations (October 2000 to September 2013)

» Retrospective/Control Experiment (CTRL): reproduce the statistics (variability
and mean state) of the current climate. Forced with ERA-Interim reanalysis data.

 Pseudo-global warming experiment (PGW): Perturbation or climate sensitivity
experiment; it assumes that the current climate weather reoccurs under future

climate conditions.
A CMIPS gepg 5= CMIPS 5075 5100 - CMIPS 1476 - 2005
WRF ot = ERA-Interim + A CMIPS5 gcpg 5

For the hydrologic simulations we used the Hillslope-Link Model (HLM)
developed by the lowa Flood Center

Confidential. Do not distribute



Future discharge and floods In lowa are projected to

INCrease much more than precipitation extremes

Peak Flow Ratio

Volume Ratio

00 05 10 15 20 25 30
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Transition from snow to rainfall and
increase in precipitation are expected to
lead to a doubling of peak flows in spring
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Motivation

Tocs g Ty |

Example of urban flooding

Flooding poses safety hazards to motorists, emergency and maintenance crews and may cause costly
damage to transportation infrastructure and its operation. Flash flooding, in particular, causes the most
flood-related deaths. According to NOAA, in 2017 alone, flash flooding also caused $60.7 billion worth

of economic damage.
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Need and Goal

Needs:

e Reliable non-contact sensor water level detection

* Real-time monitoring system for efficient data transmission and storage
e Highly efficient power-saving unit

 Monitoring the urban inundation and river overflow

> =
Goal :

Development of the low-cost and reliable ultrasonic water level detection
(UWLD) unit for monitoring urban flood inundation associated with infrastructure
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Current System:

Garland

Fort Worth Dallas

& Arlizqton :

Cedar Hill

Control o
Main board Battery + renewable

Power
regulator

uT
sensor

4 il E )
(cloud service)

(mobile app and web
based system)

(Satellite, Cellular,
Rola)

2)

Ceilular
module.

\_ (efficient post-process)
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Objectives

Objective 1 To develop the low-cost and reliable water level monitoring system
1) Circuitry design for cost-effective unit (or components) (<$200) including
microcontroller (MCU) and cellular module, and sensor,
2) Algorithm design for reliable system (e.g., data filtering, error fix, and
sleep mode) “Cost-effective unit
3) Real-time accessible user interface platform (e.g., Amazon Web Service)

14

Objective 2: To study the water level on multiple target or location
1) Deploy multiple sensors on pavement and stream sides
2) Water level analysis at the different target and location (e.g., node)

“Dual-target”

Objective 3 : To operate the unit in power efficiency
A comparative study in power saving mode:
1) Computer operating properly (COP) timer
2) Dual microcontroller (MCU)

“Dual-MmcU”
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Methodology : 1. UWLD System Development

1) Circuitry design for Low-cost and reliable

~N

‘ Sola Panel ‘ Power supplying
Load sharing
Battery Charger Battery ‘
Controlling ‘ l
Cellular _ COP
Module |<--| Main MCU I:I T
Sensing Ultrasonic Temperature ‘
Sensor Sensor

J

System representation of proposed UWLD

* Power supplying, controlling, and sensing parts are main
of the unit, and each part consists of several components
as shown in the figure.

e Battery charger has load sharing function that allows the
solar panel to charge the battery and supply power to the
MCU and sensors simultaneously. Charger with load
sharing function is deployed for daytime when the solar
panel produces more electricity than it is needed for
operating the UWLD system.

e The cellular module is deployed to transfer the data
collected by sensors to AWS server for the real-time data
plotting.

e The MCU operates and controls two sensors.

e Ultrasonic sensor is deployed to calculate the distance
between the sensor and the water surface. And the
temperature sensor is deployed to increase accuracy by
considering the temperature effect on sound speed.



2) Algorithm design for reliable system

Start

y

Connect the cellular module

to GSM

Is the cellular module connected
1o GSM well?

Yes

Restart the MCLU
by Watchdog Timer

Decision 1: Cellular module connection

Cellular module

Get battery percentage

I Get network strength

Get location data (Latitude, Longitude)

¥
Collect the water level Collect the temperature
Moving Moving Moving Moving
median median median median
filter filter filter filter
Collected water level data Collected temperature data

Collected data

(Battery, network, location data)

A 4

Data from

= o™

Data flow algorithm of AWS

UWLD unit

l

AWS Database

Database
Migration

|

IMEI
Different

Decision

Addition of Network Strength

v

Addition of Secondary Sensor Unit

Database (Language: MySQL)

Create Devices Database

Create Water Data Database

Create Device Table Database

Addition of Sensor Unit

Update with New Unit with unique Node 1D

Data Type Structure (Language: JavaScript)

API

Send the collected data
by cellular module

Is sensing and sending data done

within 1 minute ??

Yes

No error

Set an alarm for 5 minutes

—No—p]

An eror occurs

Restart the MCU
by Watchdog Timer

Decision 2: Cycle completion within 1 m

on COP Timer in MCU

Data flow algorithm of the UWLD system

Be waked up by COP Timer

inute

in MCU

Devices Device Data sensor Unit Water Model N
Model
IMEI Device ID IMEI IMEI
Latitude Sensar Output Latitude Latitude
Langitude Depth Longitude Longitude API
Status Temperature Temperature Temg -~ Website Interface
Netwark Network Network g .
Strength Strength Strength (Language: HTML)
Battery Status Battery Status Battery Status
Status Status
A 4
Map view
APl Record . (Language: NodelS,
ecords B
React)s)
l IMEI |
AP| Devices API Register Node
| Device ID Filtering & Graph view
Correction (Language: ExpresslS)
API Device Record APl Record CSV Provides downloadable
the data point timeline

in graph format

csv file
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2) Algorithm design for reliable system

@  From the flowchart, two decisions are employed

— for fault detection. And COP (watchdog timer) is
employed for reboot when a fault is detected. The
1 J timer is normally included in Atmel's MCU to
e S automatically reset an embedded device.
| Decision 1: Cellular module connection
‘ e Decision 1 in the figure is for checking whether
Collct the waer el | |Gl i s Collar e the cellular module is connected well.
et | oo | medion || [ [ meon | oo | mecan]| | | LS Pecenase | ] Gotnesvorksrengt
e * Decision 2 is for checking the completion of one
) l cycle of collecting and sending data within 1
minute. The one cycle is normally completed
within 30 seconds, so it means an error occurs if
the cycle is not completed within 1 minutes. And
N the watchdog timer allows rebooting the system
| Remndency when an error occurs.

by Watchdog Timer

Decision 2: Cycle completion within 1 minute

Yes 1
No error
¥
Set an alarm for 5 minutes Be waked up by COP Timer
on COP Timer in MCU o in MCU

Data flow algorithm of the UWLD system



-] _12-

3) Real-time accessible user interface platform
e To monitor the water level data in real-time, the online accessible cloud computing platform is used.
e DATA from the UWLD unit is transmitted to the Amazon Web Service sever via cellular module.
e The location of nodes is marked on the map with an application programming interface (API)

Cloud computing platform (AWS) UWLD unit
UTA FLOOD DETECTION SYSTEM
Arlington / Sola
Ba
Ch

Made by: Smart Infrastructure and Testing Laboratory at University of Texas at Arlington

Map (unit and location information)

| DATA —%
ﬂ(ﬂeﬂul&r
o 1
28 \/— Module Mait

Water level

Ultr

e

Temperature

Status and measured data
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Methodology : 2. Dual-target

* In some cases, there is several factors (e.g., drain issue), causing urban inundation and stream
overflow.
e Therefore, it is highly important to water level monitoring for dual-targeting both pavement and

stream sides
Dual target

Stream side

Monitoring unit

Solar panel

* Load sharing
Battery charger || Battery

[

Cellular —
+

i <~ Main part in MCU COP Timer

Module
Ultrasonic Ultrasonic
Sensor Sensor

System representation of Dual target sensing

Temperature
Sensor




Dual targeting system

‘ Start l
]

Connect the cellular module

to GSM

A A A

|

Is the cellular module connected
to GSM well?

—No—p

Restart the MCU
by Watchdog Timer

y

Collect the water level

Collect the

water level

Collect the temperature

Moving
median
filter

Moving
median
filter

Moving
median
filter

Moving
median
filter

Moving
median
filter

Moving
median
filter

Collected water level data

Collected wa

ter level data

Collected temperature data

Pavement side

Stream side

Cellular module

Get battery percentage

Get network strength

Get location data (Latitude, Longitude)

Collected data

(Battery, network, location data)

A\

Send the collected data
by cellular module

|

Is sensing and sending data done
within 1 minute ??

Yes

¥

No error

Set an alarm for 5 minutes
on COP Timer in MCU

An eror occurs

[N Q|

Restart the MCU
by Watchdog Timer

Be waked up by COP Timer
in MCU

Flowchart of UWLD system modified with dual target

. [

e The additional ultrasonic
distance sensor is installed on
the pavement side.

e The collected data through
the moving median filter are
transferred with stream side
water level, temperature, and
cellular module data.
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Methodology: 3. Dual Microcontroller

 To improve the power efficiency of the unit, we performed a comparative study; 1) “Sleep-mode”
using computer operating properly (COP) timer and 2) dual MCU

 The COP timer can make the MCU to have in energy saving state called sleep-mode by turning on
and off the MCU.

 The ideal power saving mode as shown in below figure (right) shows the clear discrete mode with
extremely lower of power consumption under the power saving mode. The UWLD with sleep-mode by
the COP timer may have the continuous power consumption.

 The dual MCU system can be considered to achieve the higher efficient power saving mode.

>

Power Operating
saving mode time

| L[]

Battery consumption (mA)

> Time
UWLD with sleep mode by the COP timer Ideal power saving mode



Real-time server

UTA FLOOD DETECTION SYSTEM

Solar panel

Y

Monitoring unit

Battery charger

Load sharing

B = Battery

—+—> Dual MCU system

Sensor

Sensor

| . Relay
TJ i
3 il \ 8 f L Y
E " Cellular . .
< . dul i Main MCU Switch MCU
2 Module .
2 . %
@ _/ﬂ\/ﬁ\ﬂm
;E:' ' Ultrasonic Ultrasonic Temperature
‘_

Sensor

System representation of proposed UWLD system with dual MCU

e Dual MCU improves this inefficiency of the sleep mode by operating the additional low-powered

MCU and solid-state relay (SSR), which has lesser power consumption.
e The original MCU will be called as main MCU for performing the main task (e.g., collecting and

sending data)

* The added MCU will be called as switch MCU for turning on and off the main MCU
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Turn on the Main MCU
by Switch MCU

[ e If data processes on the main MCU
are incomplete within 1-minute, it

Turn off the Main MCU

1 [T e means the error occurs during the
_J ' cycle. So the main MCU should be

Wait for 5 seconds

turned off |mmed|ately. and re-
process data  collection and

s the cellular module connectec
to GSM well?

: ! : : t missi [ ithout int |
ransmission again witnout interva
Collect the water level Collect the water level Collect the temperature Cellular module
.
Moving Moving Moving Moving Moving Moving Get battery percentage | Get network strength tl me.
median median median median median median
filter filter filter filter filter filter

Get location data (Latitude, Longitude)

e If the data transmission by the Main
Collected water level data Collected water level data Collected temperature data [Hc‘.u-r\-.S:llxl\t-:::-::tjI:l:l.fti:.ru data) IVI C U is fi n iS h e d i n 1 - m i n ute’ IVI a i n

| MCU is turned off by Switch MCU for
Dual MCU system 5 minutes (data collection interval).

Send the collected data An eror occurs

by cellular module

Turn off the Main MCU

by Switch MCU
1 [  The Main MCU is turned on after 5
minutes of power saving mode by

N [ Switch MCU

Is sensing and sending data done
within 1 minute ??

Turn off the Main MCU Whait for 5 minut Restart the Switch MCU
—n ait for 5 minutes - —/
by Switch MCU ” by Watchdog Timer

Flowchart of UWLD system modified with dual MCU and dual target
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Results: uwLD unit installation

e UWLD units have been installed near The University of Texas at Arlington (UTA), and they operate from end

of February to end of August of 2020 for about six months.
* Two units were installed at two nodes, which does not hinder the public, and we did a regular check-up for

unit condition (e.g., battery status and sensor orientation).
* From the 6-month period, data set were collected on the website and were periodically monitored until

August 24th.

Location (map) Node 1 Node 2

Installed and modules and locations (node 1 and node 2)
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Results: calibration on pavement

e The verified ultrasonic sensor distance data to check the accuracy

Nth Measurement

—+—Depth manually measured —#-Depth collected by sensor

Ultrasonic sensor calibration test

Results by manually measured distance and
ultrasonic sensor distance



Results: Energy efficiency

There is a battery sustainability issue in the UWLD system.
The comparison battery health curves are shown in below 36 hours monitoring data figure.

A section presents higher energy efficiency at the UWLD system with dual MCU.

B section shows how energy-saving design affect power consumption.

Battery Percentage

100
90
80
70
60
50
40
30
20

/ with dual MCU

T
|

Battery change

——UWLD system with Dual MCU =—e=UWLD system
(Apr. 12) (Feb. 12)

36 hours battery percentage record comparison

QUIROIRNIROERNIF NSRRI U NEIRNIRNIRNIRNIRNEN
S Q°v QQV.QQV.QQVQQQ .QQQ .QQQ .QQQ .QQQ .QQQ .QQV.QQV.QQV.QQV.QQVQQV )
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e Without dual MCU the battery consumption by each components is shown in below

250

<

“'E’ 200 | =1 - 75 mA (Cellular module)

S | | |

§- 150 I I 5 mA (Ultrasonic sensor)

2 | 1 3 mA (Temperature sensor)

G 100

; I I 1ioma Mcu) 50 mA (Sleep mode)

2 | I _ ‘

0 | | I l
| Operating mode | | Power saving mode |
mMCU _empE'atFe sensor = Ultrasonic sensor ellufar module TSIee—p mode
- Battery consumption by each module Without dual MCU
E 180
E 160
] o
2- :‘2‘2 e With dual MCU system, the power
3 .
g 1o . consumptions are decreased in both operating
Y w0 mod and power saving mode:
g €0
2
c‘a 40
20 > *¢*Operating mode (185mA - 130mA): 30 % |,
0 -
UWLD without dual MCU system UWLD with dual MCU system
B Operation mode B Operation mode m Powersaving mode
avg. in booting avg. in stabilized

stage. stage

Battery consumption comparison
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Results: relation UWLD system and NOAA

NOAA, National Oceanic and Atmospheric Administration, provides water level of Lake Arlington, which is about
5 miles distance from the UWLD units installed near UTA.

NESDISID [171503B4 | NWSLocationID  [LART2|Owner|USGS01

Location|[L AKE ARLINGTON NEAR ARLINGTON 10W

Latitude N 32°42'58" Longitude[W 97°11'32’ | HSA [FwD State [TX
-~ | Transmission Next Transmit|; — 557 Initial Transmit Time|. . ..

ERl] 70 |y 00 GMT Lol (HEADM:ss) 02100

AHPS Point - Experimental link function. The link mey be dead or nonfunctional

Decode Information

NWSLI|Data Interval(min)|Data Interval{min)| SHEF |Time Offset|Coefficient|Coefficient|Constant|Base Elevation|Gage Correction
Self-time Random Code {(min) Self-time | Random (ft)
LART2 15 HPIRG 6 0.01 0 00 0
LART2 13 PCIRG 6 0.01 0 0 0
Location and decode information of Lake Arllngton water level detection
Universal Time (UTC) 2 Sandy | = C W » Switch Basemap
152 15z 15z 152 152 152 15 15 152 157 15 152 > Lans £ (= =
Sep 1 Sep 2 Sep 3 Sep 4 Sep 5 Sep 6 Sep 7 Sep B Sep 9 Sepi0 Sepil Sepi2 5 Caik 7S a 2 i Reset View
. Lat ronderelae] I e --I— T | ! l ! :E-. {illage Creak 8 =i Sanford st
est observed value: 540.82 ft at 9:15 AM L J £ -
CDT 11.Sep-2020. ] ' 3 Historical
53 4 1 7 o Araa =
I 3 ] d > ;
! St ;/" ;- = S5t SN Abram St Ar“ngt
542 | |
E E | reity
= 5 “Roseq .‘;m
g =i 540.82 ft Aesi 3
3 ‘ ! o Ml © | _\_' ady e W Mitehe T
& W0 P ! P S S, Vs Eldar 7
| o Ur:e ey i [ = o
E 9 ~Lake Arlingtonf Erp'{, I'I"_Pulk howitly , UTA
39 1 T -our;e, b (s
| ‘ / Fantego i £
= x’j kBN IN Wl Tucke r Blvd S
i i AU e 2 <
e A At i A A A A e IU:am 10am L k A I t ED e —p——
Tue  Wed  Thu Fri Sast  Sun Mon  Tue  Wed  Thu Fri Sat a e r I n g O n M Arkansas Ln ; _':'_ 7/ 7
Sepl Sep? Sep3 Sep4 Sep5 Sepf Sep7 Sep8 Sep9 Sep10 Sepil Sepi2 = Dal'-;forgungton o oFf
w " | ! . Gardens
WYetarans California; Ln 157 T T!”“
14 v‘ - |

site Time (CDT) \
--- Graph Created (10:04AM Sep 11,2020) —#— Observed ‘.uj ’r'é USGS é

‘Ohservatiuns courtesy of US Geological Survevl M seience for a chimgingwapd |

PRSP0 O

City of Arli 'uton TX, City of Fort Worth, T’{r?am Cou..

[LART2(plotting HPIRG) "Gage 0" Datum: 0']

Example graph from NOAA
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 Below figure shows the water level comparison data from for 6 days monitoring results by
UWLD system near the campus and Lake Arlington.

e During this period, 8 times water level peaks are monitored in UWLD stream side. But, at the
lake only 2 peaks are captured due to its insensitivity by heavy rainfall.

e The figure shows the lake water level increases happened later than stream water level

increases, and it implies the large-scale water body area is not much helpful to monitoring the
flash flooding.

T T T T T
———— _2ke Arlington

————— Node 1 Stream side

1000 G

€
E
=
o 500 L
[
)
Shift to 0 for the
Lake Arlington water
level \ 0 | |

Mar 15 Mar 16 Mar 17 Mar 18 Mar 19 Mar 20
Time(HH:MM:SS) 2020

Node 1 stream side 0 water level means UWLD system
is detecting the bottom of the stream (no water).

Water level monitoring from Node 1 stream side and Lake Arlington for 6 days (Mar. 15 - 21)



UWLD at Node 1

UWLD at Node 2

O

Arlington Lake

Water Level on Stream on4-3-2020

Water Level on Stream on4-3-2020

Change in Water Level on Lake Arlington on4-3-2020

\(

\ \ 1 T I I : ‘ 1000 ‘ ‘
%0 | um |
—RealTime Data —Real Time Data
0o L — Reference Dry Day 200 L — Reference Dry Day
m w | | No water level
S 0 | | | | A change during
£ £ £ .
Q £ 1600 | ] £ 160 L | £ ralnfa"
£ £ E
™M : . : i :
uo L ] o | i
~ Rainfall start 3 Rainfall start S wl |
< m L l ] m | l j %
0 | ] 1w | i
80 L \ \ \ \ ! ! & L : \ \ \ \ \ ! l !
w0 w0 w0 L0 160000 20000 20000 000000 040000 060000 120000 160000 0000 20000 00 060 120 1800 0000
Time(HHMM:SS) Time(HHMMSS) Tim(HHMMSS) Apr 03,2020
Water Level on Stream ond-12-2020 Water Level on Stream oné-12-2020 0 Change in Water Level on Lake Arlington on4-12-2020
T T T
T T T T T T T
w [ T T T T T ] |
— RealTime Data —RealTime Data
00 L ————Reference ry Day L — Reference Dry Day
o Water level
~ m | ] m | ] increased due to
(@) .
N 0 | ] - m ] rainfall ]
S~ £ 2 [ 1 i
N | ] : £ l
— p . S i :
S e Rainfall start : _ :
[ 1 o L i 0
0 Rainfall start
o L j
W@WW o l 1 "r |
100 | j
1000 | 4
800 L | | | | | ! 1 1 1
000000 040000 08000 120000 16,0000 20000 20000 800 LL | | | ! | | o ” ” - "
) 00:00:00 04:00:00 080000 12:00:00 16:00:00 20:00:00 240000 : - : : :
Time(HHMM:SS)
Time(HHMM:SS) Time(HHMM:SS) Apr12, 200

VAN

Water level monitoring from Node 1 stream side and Lake Arlington for 6 days (Mar. 15 - 21)
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Results: Rrelation Node 1 and 2 of UWLD system

 We installed UWLD units under the similar condition of stream as Node 1 and Node. All stream data show the
similar water level change.

e Correlation analysis for the data from two nodes presents how reliable water level change is monitored to
identify the tendency of rainfalls.

* The correlation coefficient are calculated based on 10 rainy days data.

Water Level on Stream on3/15/2020 Water Level on Stream on3/16/2020 Water Level on Stream on3/18/2020
1500 . . 1500 . . 1500
Node-1 Node-1 Node-1
Node-2 — Node-2 Node-2
1000 | Dry Day 1000 | Drybay | | 1000 | Dry Day
T e €
3 E 3
= = £
% 500 | ] % 500 | % 500 |
D D M\ D
e —— {Continuous datao | s U AT | 0 . S ——
00:00:00 12:00:00 24:00:00 00:00:00 12:00:00 24:00:00 00:00:00 12:00:00 24:00:00
Time Time Time

Correlation coefficients between Node 1 and 2 in the rainfall dates  Average: 0.932 Pearson’s correlation coefficient ()

3/14 3/15 3/16 3/18 3/20 3/21 4/3 4/12 5/25 6/21 . i=1 (X)) —px (Vi — py)
VIR X — ux)? 2, (Y — ay)?

0.9257 0.9270 0.9391 0.9047 0.9325 0.9617 0.8930 0.9481 0.9501 0.9367

e The correlation analysis indicate the measured distance data from two UWLD units shows strong correlation, and
it implies the relatively closer locations than the rainy area show the similar tendency of rainfall.
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Results: relation of and stream side water level

* On periodic monitoring, we found that the pavement side of the bridges has an extremely small change of water
level due to the good drainage system of the bridge.

e But on a certain case, we found that the water level rise on the sidewalk of Node 1 due to the rainfall, which
may be due to stagnation of water or any other obstacle in the pavement side.

* Whereas at Node 2 on the same day, we found the same level of water level rise in the streamside but a good
drain of water at the sidewalk.

T T T T T T T VT T T T T T T
450 Real Time Data -

N
a
o
T

Real Time Data —

400 |- Reference Dry Day

|
N
S
S
T

Reference Dry Day

350 | 4 350 | i
300 | 4 300 L i
T 250 L v\*\\ - T 250 L 4
£ L Y B S S
= 200 |- A Vanwveas ~/‘\'Q7“\_/ﬁ > N d 1 B = 200 L B
5 150 oae g
- — (] L -
: g™ Node 2
100 | - 100 L -
50 L a 50 [ 4
0 L \fvmv@ — 0 -
g
I | Wk | | I I I I I I I
00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00 00:00:00 04:00:00

08:00:00 12:00:00 16:00:00 20:00:00 24:00:00

Time(HH:MM:SS) Time(HH:MM:SS)

Water level by bad
drainage

e Although, we could detect one case the pavement side water S~

level change in the monitoring period, it is significant for the =T T
1000 |

urban inundation when the location continuously exposes the
800 \ L | |
bad drainage condition. 00:00:00 04:00:00 08:00:00 12:00:00
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Results: water level monitoring result

 We analysis the UWLD monitoring data in three different indicator: peak and area of the rainfall
curve and slope of water level increasing point and peak point.

e The quantified values are calculated as shown in below figure (left)

e Peak point can indicate the amount of rainfall under the same drainage system (below right

figure).
Calculation
Peak
1500
I T T T 12 T T T T T T T T T T T T T T T
o Peak
1L o a
1000 0.8
— o —
£ o °
£ S 06 | ]
< g
S 500 E sl ]
D o
= o © o
P 0.2 L (o) a
l’ o (o) o o o
h o O o
O - /|/ / ,’ | | | ] 0 = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —
02:00:00 © ' 04:00:00 06:00:00 08:00:00 10:00:00
Time SR G P A VO R R U U

acceleration
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e Area of the monitored water level curve also can indicate the amount of rainfall under the

same drainage system.
 The slope of the initial raising region can show how precipitous increase of the rainfall.

Area Slope
1.2
T T T T I I I I I ' ' ' ! I I 12 T T T T T T T T T T T T T T T
A
1 L + + rea | _| 1L i
Slope
08 | i 0s L |
o +
3 g
S o6 L i 3
he} + + S 06 L i
(] ©
N + 9}
e N
20-4— + . E o4 | -
+ * <
0.2 + *
ZF + 4 + ] 02 | .
+ +
0L i
| I I RN [ [ R N S S R S R N S— | O_I A L R R T T T T T T
O O N0 N O O O (IS O N O O
R A S v » P P N O O N0 N0 N0 N0 N0 NN O O O N0 O O N
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L IR I L U P UL L U U Ul R & & &S S S S S S S S S
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 Comparison the quantified peak, area, and slope values can describe the tendency of the rainfall.
e Case of high peak value and low area indicates the rainfall is heavy rain (high change of flash flood).
e (Case of lower slope and lower peak indicates the moderate rainfall.

Peak, Area, and Slope

1.2 | | | | | | |
|_ - (@) Peak
T I I ® 4 Area |7
I ; i Slope
08 L o I Normalize peak value > area |
> 1! + O |
2 1 19
> 06 L I , ! : |
IS 0 + .y
g 04 L b= - | |
O — —
< (@) + + O 6 |
02 - ¥ + o) _
o) o o o Q
o o o
0 L ! | | | l |
o 9 o 9 o 9 o »o @ o o 0 S oS P
S U U G R GO U G U G P
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Conclusion

The real-time water level monitoring was conducted with the measured water level data by the
developed UWLD system and real-time monitoring system through AWS. The dual MCU system
was considered to build the efficient power supply and consumption, and dual targets of the water
level detection are considered to study the relationship between the water level change by the
targets in different amount and duration of rainfall.

e The UWLD system was developed to measure the water level and transfer the data to the AWS
server; the obtained water level is calibrated with the ultrasound wave velocity change by the
temperature. In addition, the accuracy of the distance measurement was verified with manually
measured distance.

e From the UWLD system, a total of 15 rainfall events with water level changes were detected for
six month monitoring period (March 1st to August 24th, 2020).

e As the streamside water level increases from our UWLD system, the lake water level data did
change or increased later. It implies that the water level change at a local small creek or stream
represents a more sensitive flood level indication than at the large water bodies (e.qg., lake or
sea level). Thus, it is significant to consider the intensity of the rainfall from the streamside as
well
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Conclusion

e The water level change on the pavement side is not always detected as streamside water
level change due to the good drainage system. Among 30 cases of the monitoring water
level on the pavement side, only 3 cases (March 16th, 18th, and July 6th) presents the
pavement side water level changes during the rainfall at the Node 1 location. The pavement
side water level changes may present more significant flash flood risk and affect
Infrastructure conditions (e.g., the drainage system) then the direct rainfall intensity from
stream water level, especially close to the area of UWLD station.

e The water level monitoring of dual targets, pavement side, and streamside, can give more
reliable and sensitive information to perceive and forecast the urban flash flooding.

e The battery power efficiency was improved for the stable operation of the UWLD system
deploying the dual MCU unit, which is composed of the additional MCU (switch MCU) and
SSR for controlling the main MCU. The dual MCU system reduced the power consumption
of the averaged current consumption, 30 % reduction in operating mode, and 70% reduction
In power saving mode. It is significant for the power saving during solar power charging,
which is affected by the external environment (e.qg., rainfall and cloudy day)




Thank you and Q&A

Suyun Ham

Univ. of Texas at Arlington
s.ham@uta.edu
817 — 691 - 4397
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